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The area of stochastic mathematical models for infectious diseases is still very
active and increased concerns about the statistical aspects of infectious disease
modeling continue to attract the attention of researchers. To study the behavior of
Reed-Frost chain binomial model of adequate contact to the epidemic data, we
employ a likelihood based inference method to quantify the disease outbreak. We
have analyzed data for the early epidemic of H1N1 2009 -10 in India, and
estimated the Basic reproduction number R using transmission parameter β and
initial Susceptible S through profile likelihood. We have estimated basic
reproduction number R as 1.41 with 95% Confidence Interval (1.25, 1.49).
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INTRODUCTION
The accurate mathematical description of the progress of
infectious diseases in a population has been a long sought goal
of the medical community. Medical researchers were looking
for a useful mathematical model which would describe and
allow estimation of such quantities as the course, the duration,
the rate of infection and total number of cases for the
epidemic. The model should be relatively simple
mathematically, yet accurate in describing essential features of
the epidemic.  In 1926 McKendrick published the first
stochastic epidemic model [Horimoto et al., 2005].
Probabilistic nature of epidemic was illustrated by Reed and
Frost in 1928 [Nelson and Holmes, 2007]. This model
predicted that under specific conditions the expected number
of cases occurring at any stage would have a binomial
distribution which depended upon the number of susceptible

, those  are capable of receiving the disease and infectives ,
those who already have the disease of the previous stage. The
models assume that all individuals have equal susceptibility,
capability to transmit the disease, and the ability to be
removed from observation when the transmitting period is
over. The above model has been useful in describing viral
diseases such as measles, chicken pox, influenza and the
common cold.

The present study was carried out to quantify the transmission
intensity of pandemic influenza A/H1N1 2009-10 in India
through statistical inference technique. To accomplish this
novel job, we developed likelihood based inference for
transmission dynamics of an outbreak based on the chain
binomial model. One of the most important characteristic in
infectious disease epidemiology is Basic Reproduction
Number defined as average number of secondary cases
generated by a single primary case in his/her infectious period
in the  entire susceptible population, which measures the
transmissibility of an outbreak. We illustrate the performance
of likelihood inference by applying it to a data set of an
outbreak. We estimated the basic reproduction number with

95% confidence interval at early stage of epidemic when there
are no interventions like vaccination, quarantine and isolation
etc. This quantity is important because it serves as a threshold
to determine whether an infectious disease can spread or not in
a large population. The infection process cannot sustain in the
system if < 1. The infection is able to spread only if> 1.
Most recently   H1N1 pandemic 2009-10 killed many of
people worldwide. The novel H1N1 strain of influenza that
surfaced in March 2009 in Mexico spread worldwide in short
period of time [3].  In India, the first exogenous case has been
reported on 17th May, 2009 at Hyderabad in a 23 year old
passenger travelled from the  USA and it spreads all over the
country. Consequently, on 11th June World Health
Organization (WHO) raised its pandemic alert from phase 5 to
phase 6 [WHO, website]. As on 17 May 2010, there were
1,924 laboratory-confirmed cases and 1525 deaths were
reported in India [MoHFW, 2010; WHO, website 2010] hence
it is vital to estimate the transmissibility of the strain.

MATHEMATICAL MODEL

We have made use of Reed-Frost Chain binomial model. To
use this model, one needs to know the number of susceptible

and number of infectives in each generation. This model
was initially proposed, but never published, by Reed and Frost
in the 1920s, and was subsequently published with some
extensions to the model by Abbey (1952). Reed-Frost model
has been shown to be comparable to an SIR epidemic model
with certain assumptions [Daley and Gani, 2001; Ferrari et al.,
2005]. In this model we make following assumption: 1. Latent
and incubation periods are constant 2. All the rates are to be
unit time. 3. Population is closed and homogeneously mixing.
Chain binomial model is a stochastic model and the sequence
of numbers of cases and susceptible constitutes a stochastic
process. In this model the number of new infection at timet + 1 is only dependent on the number of susceptible and
infectious individuals at time t. It is based on the binomial
probability law, where each state is depends only on the
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previous state. It is dynamic system which is used to produce
chains of infection by assuming that influenza spread occurs
case by case in discrete time units.

The infected person may spread the disease upon "adequate
contact" to susceptibles in the population. This adequate
contact is the probability of contact at any time between an
infective and a susceptible sufficient to transmit the infection.
Suppose that a susceptible at time either catches the
disease with probability (1 − exp(− )) of adequate contact
with infected individuals and becomes infective at time + 1
or does not catch the disease with probability exp(− ) and
remains a susceptible at time + 1. This probability of
transmission is determined by the continuous time birth- death
process [Bailey, 1963]. It is easy to see that the number
becoming infective at time + 1 is a binomial random
variable with number of susceptible available to become
infectives ~ , 1 − exp(− ) (1)
Only at time t can the infectious individuals I infect
susceptible S members. It follows that the newly infectious
individuals at time t + 1 satisfyS + I = S (2)
Now is defined as = −= − ( + )= −

= − (3)
Where is initial size of the susceptible population, then the
conditional probability ofP I | I , β, S = SI (1 − exp (−βI )) (exp (−βI )) (4)
All the infectious individuals move into the removed class
with probability 1 at the end of the infectious period. We
make the assumption that each epidemic generation depends
only on the state of the system in the previous time step
(“conditional independence"), then we can write the joint
likelihood function for daily reported cases , = 0,1, … . .L(I |β, S ) = SI (1 − exp (−βI )) exp (−βI ) (5)
Maximizing equation (5) over and provides a maximum
likelihood estimator (MLE). The chain binomial probability
function depends on i.e. initial population therefore the
inference for individual parameters and should be based on
the profile likelihood [Murphy and Vaart van der, 2000]
through likelihood ratio statistics. By re-parameterising the
terms in joint likelihood; constructed profile likelihood for the

[Bolker, 2011] and also calculated 95% confidence interval
by approximation of chi-square distribution.

From the simple Kermack and Mckendrick model, R is

defined as R = β
γ

, infected individuals I are exponentially

distributed with mean
γ

[Daley and Gani, 2001]. Through the

assumption, that rates are measured in unit time so γ = 1;= .

RESULTS AND DISCUSSION
We also estimated R for the recently emerged Influenza
pandemic in India for the initial phase [Gani et al., 2011]. We
have used daily case reported data collected from the Ministry
of Health and Family Welfare (MoHFW) Government of
India [MoHFW, 2009].

We estimated basic reproduction number R = 1.41 with
95% Confidence interval (1.25, 1.49). The basic
reproduction number R serves as a threshold quantity to
determine whether an infectious disease can spread or not
in a large population.  We have to introduce control
strategies like pharmaceuticals and non-pharmaceutical
interventions, School closer, quarantine and vaccination.
Knowledge of the value of R makes it possible to calculate
the proportion of a population that should be vaccinated in
order to prevent an epidemic from occurring.

Limitations

Chain-binomial models are usually applied in small groups
of people such as households [Lessler et al., 2009; Klick et
al., 2011]  and school classes, or at the initial stage of a
pandemic [Katriel et al., 2011 ]. For the large population
one can think of Simulation through MCMC methods.
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